The hedonic model of Rosen (1974) has become a workhorse for valuing the characteristics of differentiated products despite a number of well-documented econometric problems. For example, Bartik (1987) and Epple (1987) each describe a source of endogeneity in the second stage of Rosen's procedure that has proven difficult to overcome. In this paper, we propose a new approach for recovering the marginal willingness-to-pay function that altogether avoids these endogeneity problems. Applying this estimator to data on large changes in violent crime rates, we find that marginal willingness-to-pay increases by ten cents with each additional violent crime per 100,000 residents.
Introduction
Dating back to the work of Court (1939) , Grilliches (1961) , and Lancaster (1966) , hedonic techniques have been used to estimate the implicit prices associated with the attributes of differentiated products. Rosen's (1974) seminal work proposed a theoretical structure for the hedonic regression and a two-stage procedure for the recovery of marginal willingness-topay (MWTP) functions of heterogeneous individuals for the characteristics of differentiated products. Importantly, his two-stage approach allowed for two sources of preference heterogeneity: individuals' MWTP functions could differ with (i) their individual attributes and (ii) the quantity of the product attribute that they consume. The latter is particularly important when considering non-marginal policy changes (i.e., any change that is large enough to alter the individual's willingness to pay at the margin). The two-stage procedure suggested by Rosen (and further developed by subsequent authors) uses variation in implicit prices (obtained either by employing data from multiple markets or by allowing for non-linearity in the hedonic price function) to identify the MWTP function.
With Rosen (1974) as a backdrop, the property value hedonic model has become the workhorse for valuing local public goods and environmental amenities, despite a number of well-known and well-documented econometric problems.
1 Our concern in this paper is with an important problem that arises in the second stage of Rosen's two-step procedure. In separate papers, Bartik (1987) and Epple (1987) describe a source of endogeneity that is difficult to overcome using standard exclusion restriction arguments. Specifically, they note that unless the hedonic price function is linear, the hedonic price of a product attribute varies systematically with the quantity consumed. The researcher therefore faces a difficult endogeneity problem in the estimation of Rosen's second stage. Moreover, because of the 1 See Taylor (2003) and Palmquist (2005) for a comprehensive discussion. Some of these problems arise in the first stage of Rosen's two-step procedure; for example, omitted variables that may be correlated with the local attribute of interest. There is a large and growing literature that describes both quasi-experimental and structural solutions to this problem (see Parmeter and Pope (2009) for a discussion). equilibrium features of the hedonic model, there are very few natural exclusion restrictions that one can use to solve this endogeneity problem. In particular, within-market supply-side shifters -the typical instrument of choice when estimating a demand equation -are not valid in this context. This has generally left researchers to choose from a variety of weak instrument strategies or instruments based on cross-market preference homogeneity assumptions that may be difficult to justify. With a few exceptions, the hedonics literature has subsequently ignored Rosen's second stage, focusing instead on recovering estimates of the hedonic price function and valuing only marginal changes in amenities.
2,3
In this paper, we propose an estimation procedure for the recovery of the structural parameters underlying the MWTP function that avoids the Bartik-Epple endogeneity problem altogether. We do this by exploiting the relationship between the quantity of the amenity being consumed and the attributes of the individuals doing the consumption. That such a relationship should exist in hedonic equilibrium goes back to the idea of "stratification" found in Ellickson (1971) , which became the basis for estimable Tiebout sorting models.
4 Our proposed method is identified even in a single-market setting, given a flexible representation of the hedonic price function and a parametric representation of the MWTP function. Importantly, our procedure is computationally simple and easy to implement. Moreover, it does not require any more in terms of data or assumptions than does the standard hedonic model.
2 See, for example, Black (1999) , Gayer, Hamilton, and Viscusi (2000) , Bui and Mayer (2003) , Davis (2004) , Figlio and Lucas (2004) , Chay and Greenstone (2005) , Linden and Rockoff (2008) , Pope (2008) , Greenstone and Gallagher (2008) , Bajari, Cooley, Kim, and Timmins (2011), and Gamper-Rabindran, Mastromonaco, and Timmins (2011) .
3 Deacon et al. (1998) noted that "To date no hedonic model with site specific environmental amenities has successfully estimated the second stage marginal willingness to pay function." Since that time, a number of papers have examined the problem of recovering preferences from hedonic estimates. Bajari and Benkard (2005) avoid the Bartik-Epple endogeneity problem by relying on strong parametric assumptions on utility that turn Rosen's second-stage from an estimation problem into a preference-inversion procedure. We report results based on their suggested procedure in our application. Ekeland, Heckman, and Nesheim (2004) provide an alternative approach to recovering MWTP that imposes very little in terms of parametric restrictions, but requires an additive separability assumption in the MWTP specification. Heckman, Matzkin, and Nesheim (2010) illustrate conditions under which non-separable utility functions may be non-parametrically identified (in both single and multiple markets) and propose a non-parametric estimator.
4 See, for example, Epple, Filimon and Romer (1984) , Epple and Romano (1998) , Epple and Platt (1998) , and Epple and Sieg (1999) .
To demonstrate the usefulness of this approach, we implement our estimation procedure using data on large changes in violent crime rates in the San Francisco Bay Metropolitan Area over the period 1994 to 2000. We find that recovering the full MWTP function is economically important; an individual's marginal willingness to pay to avoid an incident of violent crime (measured by cases per 100,000 residents) increases by 10 cents with each additional incident.
Non-marginal reductions in crime of the sort seen in San Francisco and the rest of the nation during the 1990s therefore have the potential to significantly affect MWTP. We find that naive estimators, which ignore this effect, yield estimates of total willingness to pay for crime reductions in San Francisco that are significantly biased. Similar problems are likely to arise in other settings where policy changes are not marginal -e.g., air quality, school reform, and hazardous waste site remediation. This paper proceeds as follows. Section 2 describes the endogeneity problem discussed by Bartik (1987) and Epple (1987) and reiterates the intuition for why the problem has been so difficult to solve with standard exclusion restrictions. Section 3 describes our alternative estimation procedure in detail. Section 4 describes the data used in our application -housing transactions data from the San Francisco Metropolitan Area combined with violent and property crime data from the RAND California Database. Section 5 reports the results of applying our estimator to these data. Section 6 calculates the welfare effects from the actual non-marginal changes in crime faced by a subset of homeowners and compares these welfare effects with those calculated with alternative procedures in the existing literature. Finally, Section 7 concludes.
2 Why Has It Been So Difficult To Recover The MWTP
Function?
In their respective 1987 articles, Epple and Bartik each discuss the econometric problems induced by the equilibrium sorting process that underlies the formation of the hedonic price function. In particular, unobserved determinants of tastes affect both the quantity of an amenity that an individual consumes and (if the hedonic price function is not linear) the hedonic price of the attribute.
5 In a regression like the one described in the second stage of Rosen's two-step procedure, the quantity of the amenity that an individual consumes will therefore be endogenous. Moreover, the exclusion restrictions typically used to estimate a demand system (i.e., using supplier attributes as instruments) will not work because, in addition to affecting the quantity of amenity and the hedonic price paid for it, the unobservable component of preferences also determines the supplier from whom the individual purchases.
Supplier attributes, which might naturally be used to trace-out the demand function, are therefore correlated with the unobserved determinants of MWTP because of the sorting process underlying the hedonic equilibrium.
To make these ideas concrete, consider the following simple example which is based on Epple's model. We begin with the quadratic hedonic price function given by:
(1)
where i = 1, . . . , N indexes houses, P (Z i ; β) measures the price of house i, and Z i measures the level of the amenity associated with house i (for the sake of illustration, we ignore other 5 The linear hedonic price function assumes that attributes can be unbundled and repackaged in any combination without affecting their marginal value (e.g., the marginal value of another bedroom is the same regardless of how many bedrooms a house already has). In most empirical settings, this assumption is unrealistic.
amenities and house attributes). For now, we consider data from just a single market, but allow for multi-market data in the following section. The linear price gradient associated with this hedonic price function is:
where P (Z i ; β) denotes the implicit price of Z i .
The second stage of Rosen's procedure seeks to recover the coefficients of demand (or marginal willingness to pay) and supply (or marginal willingness to accept) functions for the attribute Z from the first-order conditions of the equilibrium relationships:
Equation (5) In three respective papers, Epple (1987) , Bartik (1987) , and Kahn and Lang (1988) propose alternative instrumental variables strategies to deal with this problem. Bartik, for example, suggests instrumenting for Z attributes. The intuition for these strategies is that differences in the distribution of suppliers across markets will provide an exogenous source of variation in the equilibrium quantity of the amenity chosen by each individual. The problem with these approaches is that they require strong assumptions about cross-market preference homogeneity and the instrument may not induce sufficient variation in the endogenous variable. Ekeland, Heckman, and Nesheim (2004) propose an alternative instrumental variables approach to overcome the endogeneity problem.
They show that due to the non-linearity of the hedonic model, the conditional expectation
. This instrumentation strategy does not require assumptions about cross-market preference homogeneity and may be used in a singlemarket setting. Our proposed estimation strategy differs from these previous approaches as we avoid instrumental variables altogether. Our strategy is the subject of Section 3.
7 It is clear that Z i will be correlated with ν d i even when we allow for data coming from multiple markets.
Model and Estimation
In this section, we describe an alternative econometric approach, which avoids this difficult endogeneity problem altogether, while not imposing strong assumptions on the shape of preferences. Beginning with Rosen, the traditional approach has been to equate the implicit price of the amenity Z (from the estimation of the hedonic price function) to its marginal benefit (which is a function of Z) and use the resulting expression as the estimating equation.
The majority of the literature following Rosen has retained this framework while proposing corrective strategies to deal with the endogeneity of Z. We note that while the first-order conditions for hedonic equilibrium provide a set of equations that will hold in equilibrium, nothing requires us to write the estimating equation in this manner. While this representation does provide an intuitive interpretation of utility maximization, it is the "marginal cost equals marginal benefit" econometric specification itself which has created the endogeneity problem that has plagued this literature for decades.
Returning to the basic structure of the hedonic model, there is no fundamental endogeneity problem. When choosing how much of the amenity Z to consume, individuals take the hedonic price function as given and choose Z i to maximize utility based on their individual preferences. These preferences are determined by a vector of observed individual characteristics, X We first consider the case in which a closed-form solution for Z i exists and the estimation approach is intuitive and simple. In the general case of our model, where a closed-form for Z i may not exist, we show that by using a simple change-of-variables technique it is still straightforward to compute the likelihood of observing Z i . Also in this section, we provide evidence of our estimator's small sample properties with Monte Carlo simulation results.
The Simple Model: When a Closed-Form Solution for Z Exists
In this subsection, we consider a special case of the general model in which Z i may be easily isolated in the first-order condition for utility maximization. While our proposed estimator is applicable to a much richer specification of the model (as discussed in Section 3.2), we present this simplified case first as the estimation strategy is extremely transparent.
Consider the simple, linear-quadratic model where the hedonic price function is given by:
and i indexes houses and j indexes markets (defined by space or time). The hedonic price gradient for market j is therefore:
where P (Z i,j ; β) denotes the implicit price of Z i,j .
Specifying the household's indirect utility as:
where I i represents household i's income, we arrive at the following first-order condition for
The traditional estimation strategy associated with Rosen would first recover an estimate of β 1,j + β 2,j Z i,j from the estimated price gradient, isolate this term on the left hand side of Equation (9), and estimate the resulting regression equation (i.e., the MWTP function), treating ν d i,j as the regression error, in a separate second stage:
Our approach is to alternatively rearrange Equation (9) such that the single endogenous variable, Z i,j , is isolated on the left:
Equation (11) to recover the parameters describing individual preferences, {α 1,j , α 2 , α 3,j , σ}. Using hats to indicate that { β 1,j , β 2,j } are known from the first-stage estimation of the hedonic price function, we may write:
Making the distributional assumption that ν
mally with mean ((
). This reveals a straightforward Maximum Likelihood approach for estimating the remaining parameters.
8 In particular, we find the vector of parameters, {α 1,j , α 2 , α 3,j , σ}, that maximizes the likelihood of the observed vector
Indirect Least Squares
It is worth considering the very special case of this model when estimation is particularly straightforward: the case where the structural parameters may be recovered using a leastsquares estimation.
As an example, consider the specification above with exactly two markets. In this case, Equation (12) may be estimated using an extremely transparent indirect least squares (ILS)
procedure. With the same number of equations as unknown structural parameters, 9 it becomes a simple matter to recover the structural parameters {α 1,j , α 2 , α 3,j , σ} from the reduced-form parameters {θ 0,j , θ 1,j , σ u,j } (which are recovered using OLS for each market j)
by exploiting the unique mapping between the two sets:
With more than two markets, one could add richer heterogeneity to the MWTP function (e.g., by parameterizing either the slope of the MWTP function or the variance of ν) in order to take advantage of all available information. 
Not Exist
We now consider a more general form of the model, in which we do not rely on finding a closed-form solution for Z i,j . The lack of a closed-form solution will be the case for most non-linear gradient specifications (including the log-linear gradient specification that we use in our application in Section 5).
11 In this case, we are still able to estimate the model using Maximum Likelihood with a simple change-of-variables technique.
Consider first the case where ν 
In the following example, we impose no parametric assumption on the price function,
, and show how it may no longer be possible to rearrange the first-order condition 10 One could also use this additional information with a more general estimation strategy to overidentify the model's parameters.
11 As a general rule, one should not expect the hedonic price gradient to be linear. Additionally, specifying the MWTP to be linear is not inconsistent with a nonlinear price gradient in equilibrium; as clearly demonstrated by Ekeland, Heckman, and Nesheim (2004) , a linear MWTP function alone does not imply a linear price gradient. For the equilibrium price gradient to be linear (with demand-and supply-side heterogeneity), it would not only require that consumers have a perfectly linear MWTP function, but also that suppliers have a perfectly linear marginal willingness-to-accept function and that shocks to both preferences and profits are exactly normal. A key insight of the Ekeland, Heckman, and Nesheim paper is that very minor perturbations of any of these conditions will lead to substantial non-linearity in the resulting equilibrium price gradient.
to isolate Z i,j :
However, in this case we are still able to easily find a closed-form solution for ν d i,j :
and using a textbook application of a change of variables, it is straightforward to form the likelihood Π
where:
To implement this Maximum Likelihood procedure, we only need to calculate the value of ν d i,j consistent with the observed value of Z i,j (given α, β, and X d i ) and the determinant of the Jacobian associated with the change of variables (i.e., we do not need to solve the differential equation for Z i,j ). Respectively, these terms are given by:
and:
In practice, finding the vector of parameters that maximizes the likelihood is straight-forward and may even be reduced to a one-dimensional numerical optimization problem.
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The model presented thus far is one where Z i,j is a scalar amenity. However, our approach may be easily extended to estimate models that consider a K-dimensional vector of amenities
Assuming that the elements of the vector ν d i,j are distributed jointly normal with mean zero and variance-covariance matrix Σ, the likelihood may be formed employing the change-of-variables technique without the need to solve the differential equations for Z i,j . This likelihood is given by:
Finally, while the MWTP function specified thus far has been both linear and additively separable in the idiosyncratic shock, ν d i,j , richer specifications of the MWTP function may be estimated using our framework. Our estimator simply requires that one is able to isolate the idiosyncratic shock, ν d i,j . For example, (returning to a scalar amenity, Z) if the MWTP function were given by:
12 Concentrating the likelihood function given by Equation (17) allows for a single-dimensional search over α 2 . For each iteration of the likelihood (i.e., for each guess of α 2 ), the likelihood-maximizing values of α 1,j and α 3,j may be recovered through the least-squares regression of P (Z i,j ; β) − α 2 Z i,j on market indicators and X d i , while the likelihood-maximizing value of σ 2 may be recovered as
In this case, the underlying indirect utility function would be given by:
then ν d i,j may be recovered as:
may be recovered as:
and the likelihood may be formed using the change-of-variables technique.
It is important to note that the contribution of this paper is to illustrate a new estimation approach that avoids the traditional endogeneity problems that have plagued the literature.
As the formal identification of the hedonic model has been discussed in detail in Brown and Rosen (1982) , Mendelsohn (1985) , and particularly, Ekeland, Heckman, and Nesheim (2004) and Heckman, Matzkin, and Nesheim (2010) 
Monte Carlo Evidence
In this subsection, we provide Monte Carlo evidence on the performance of our proposed estimator. We begin with Monte Carlo simulations of the simplest two-market model. From this starting point, we increase the number of markets and increase the level of heterogeneity in both the market-specific gradient intercepts and slopes. Finally, we allow the MWTP intercept to vary by market.
For the first simulations, the hedonic gradient is given by:
and the first-order condition for utility maximization is given by:
yielding the MWTP function:
and optimal consumption of Z:
We allow the number of markets to take on the following values: j = {2, 5, 10, 50}.
We specify that β 1,j = 2 + η 1 and β 2,j = 0.7 + η 2 where η 1 ∼ γ 1 * U (−0.3, 0.3) and η 2 ∼ γ 2 * U (−0.15, 0.15). γ is allowed to take on the following values: γ 1 = {1, 2, 3} and γ 2 = {0, 1, 2, 3}.
In all cases, we keep the total number of observations fixed at n = 5, 000 with observations per market given by n j
. The number of Monte Carlo repetitions per experiment is 1, 000. We set the structural parameters to the following "true" values: α 1 =3, α 2 = − 0.3, and σ=0.5.
The results in Table ( 1) show that there is very little bias in the finite samples, even in the case of only two markets with limited information coming from each market. The standard deviations of the estimated parameters are small relative to the parameters and, more importantly, the efficiency of the estimator is increasing in both market size and level of gradient heterogeneity.
For comparison, we run the same set of Monte Carlo experiments using the traditional two-step Rosen framework. Results are presented in Table ( 2). As expected, the estimator performs poorly, particularly when it comes to recovering the slope of the MWTP function, α 2 . In all cases (even with 50 markets and maximum gradient heterogeneity across markets), both the MWTP intercept (α 1 ) and the standard deviation of the preference shock (σ) are significantly biased downwards. In addition, the MWTP slope is always biased upwards (as expected); in all but two of the experiments, the mean value of the slope takes on a positive Finally, we return to our estimator and run a set of experiments where the MWTP intercept, α 1 , is allowed to vary across markets. We specify that α 1,j ∼ U (2, 4), while keeping α 2 = −0.3 and σ = 0.5. Note that in this specification, we require heterogeneity in the the slope of the gradients across markets and do not estimate the cases where γ 2 = 0. Our estimator performs well in each case, including the case with only two markets and minimum gradient heterogeneity. The results from these experiments are presented in Table ( 3). To estimate these specifications, we employ a varied set of data from multiple sources.
These data and our sample cuts are discussed below.
Property Transactions Data
The real estate transactions data that we employ covers six counties of the San Francisco Additional data cuts are made in order to deal with the fact that DataQuick only reports housing characteristics at the time of the final observed transaction, but we need to use housing characteristics from all transactions as controls in our hedonic price regressions. 14 First, to control for land sales or total re-builds, we drop all transactions where "year built" is missing or later than the observed transaction date. Second, to control for major improvements or degradations, we drop any property with an observed average appreciation or depreciation rate exceeding the county-and year-specific mean price change by more than 50 percentage points (in either direction). Additionally, we drop any property that moves more than 40 percentile points (in either direction) between transactions in the overall county-and yearspecific distribution of price. We drop transactions where the price is missing or zero and, after using the consumer price index to convert all transaction prices into 2000 dollars, we drop one percent of observations from each tail of the price distribution to minimize the effect of outliers. As we merge the pollution data using the property's geographic coordinates, we drop properties where latitude and longitude are missing. Finally, we drop houses with more than three observed transactions over the 7 year sample and drop multiple sales within a given year.
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This yields a final sample of 403,036 transactions. 
Household Demographic Data
For our demographic characteristics, we use information on the race and income of buyers recorded on mortgage applications and published in accordance with the Home Mortgage Disclosure Act (HMDA) of 1975. The HMDA data also describe the mortgage lender's name, the loan amount, the year, and the property's census tract. As the variables of lender name,
14 Approximately fifty-five percent of observed sales are the only observed sale for the property. 15 To maintain a fairly homogenous sample (i.e., properties that would be competing in the same housing market), we make the additional sample cuts. We drop houses where "year built" is less than 1850, "lot size" is greater than 3 acres, "square footage" is zero or greater than 10,000 square feet, total "number of bathrooms" is greater than 10, total "number of bedrooms" is greater than 10, total "number of rooms" is missing or greater than 15, and "number of stories" is missing or greater than 3. loan amount, year, and census tract are also available in the DataQuick data, we are able to merge the buyer characteristics data with the property transactions data using the algorithm described in Bayer et. al. (2011) . 16 We drop all households where either race or income is missing.
Table (5) reports the summary statistics for the sample of buyers in both the full sample and in the restricted, 1999-only sample. This restricted sample will be used in the policy analysis that demonstrates the implications of valuing non-marginal changes in violent crime rates.
Violent Crime Data
The violent crime rate that we employ comes from the RAND California database and is defined as the number of incidents per 100,000 residents. 17 Violent crime is reported for each of the 80 cities in the San Francisco Metropolitan Area for each year of our data. Figure (1) illustrates the locations of these cities. For our analysis, we impute a violent crime rate for each individual house using an inverse distance-squared weighted average of the crime rate in each city.
18 As a control in our hedonic regressions, we also create an analogous measure of property crime rates from the RAND California database. 19,20 Table ( 4) provides summary statistics for both violent crime and property crime at the level of the house. Table ( 5) provides summary statistics for our variable of interest, violent crime, at the level of the buyer.
We see a significant amount of variation (both cross-sectional and time-series) in our key variable of interest, violent crime. Figures (2) and (3) 
Results

Hedonic Price Function
In this subsection, we discuss the results from the estimation of a log-linear hedonic price function. Separately for each year, 1994 to 2000, we regress the log of sales price on housing attributes and tract-level fixed effects. Regression results are reported in Table ( 6), with each row representing a separate annual regression. In the vast majority of cases, hedonic price estimates have the expected sign and magnitude. while the effect of year built varies a great deal over time (both in magnitude and sign).
Our amenity of interest, violent crime, exhibits an intuitive negative effect on housing prices that is statistically significant. Over the period of our sample, we see this effect increasing over time. In 1994, the implicit price of additional unit of violent crime is −$4.59, while in 2000 it is −$21.07. Table (7) reports the year-to-year variation in the implicit price of violent crime. 1994 -4.59 1995 -8.71 1996 -8.02 1997 -10.44 1998 -16.82 1999 -17.48 2000 -21.07 
MWTP Function
In this subsection, we report the results from our procedure for recovering estimates of the MWTP function using the first-stage hedonic price function estimates and data on individual home buyers. With the log-linear specification for the hedonic price function, a closed-form solution for Z i,j cannot be recovered and we employ a change of variables from Z to ν d . We specify a linear MWTP function and allow the intercept of the MWTP function to vary by year by including a set of year dummies in our estimation:
and X The first column of Table (8) reports the results from our estimator. First, consider the coefficient on violent crime, α 2 , which reveals the amount by which the individual's MWTP to avoid violent crime changes with an increase in this disamenity. Intuitively, this coefficient should be negative, indicating that the MWTP to avoid violent crime increases as the rate of violent crime increases (consistent with a demand curve for public safety that is downward sloping). We find this to be the case with our model; each additional incident per 100,000
residents raises MWTP to avoid violent crime by 10 cents. As we show in Section 6, this has important implications for the value ascribed to large reductions in violent crime rates like those witnessed over the period of our sample.
Looking at the the remaining coefficient estimates derived using our model, an increase in income of $1,000 per year increases MWTP to avoid violent crime by 5.8 cents (consistent with public safety being a normal good). For the sake of comparison, the second column of Table (8) reports the results from the traditional Rosen estimation approach. These results are strikingly different from the results presented in the first column. In contrast to our estimator, estimates from the Rosen model suggest that increases in violent crime reduce the MWTP to avoid violent crime (indicating that the demand curve for public safety is upward sloping). This is exactly the direction of bias suggested by both Bartik and Epple and leads to upwardly biased estimates of the welfare associated with non-marginal reductions in violent crime (which we show in Section 6). Additionally, while the coefficient on income is of the same sign, the magnitude is much smaller.
Finally, race does not appear to play an economically significant role in the estimates derived using the Rosen estimation approach (although the coefficients are statistically significant). 
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There is a large and growing literature aimed at valuing the benefits of crime reductions (with, for example, the goal of conducting cost-benefit analysis of police force expansions).
This literature was recently surveyed by Heaton (2010) . He notes that the property value hedonic technique is valuable for recovering the intangible costs of crime (e.g., lost quality of life for fear of victimization or effective loss of public space). Such intangibles are likely to be particularly important for measuring the costs of violent crime (a point emphasized by Linden and Rockoff (2008) with respect to sexual offenses).
For this welfare analysis, we consider the set of all individuals who purchased a house in 1999 (summary statistics describing these individuals is given in Table ( 24 Levitt (2004) discusses six factors that he argues were not responsible for these declines, including economic growth and reduced unemployment, shifting age and racial demographics, changes in policing strategies, changes in gun control laws and laws controlling concealed weapons, and changes in capital punishment. He argues instead that there is a strong case to be made for the role of increasing size of the police force, increased incarceration rats, declines in the crack epidemic, and the legalization of abortion twenty years prior. The relative importance of each of these factors is still a contentious topic. See, for example, Blumstein and Wallman (2006) . For the purposes of illustration, we report valuations based on three different estimation strategies: (i) Bishop-Timmins, (ii) Rosen, and (iii) horizontal MWTP. The third approach assigns a constant willingness to pay to each individual equal to the slope of the hedonic price function at their observed housing choice. As the utility function is assumed to be linear in Z (i.e., the MWTP function is constant in Z), this approach corresponds to either the "inversion" procedure outlined in Bajari and Benkard (2005) or to the Rosen (1974) model where the endogeneity problem is trivially solved by assuming that the MWTP function doesn't depend on Z. In this case, the welfare effects may be calculated as the area of the rectangle under the horizontal MWTP, with the width given by the experienced change in violent crime. For the first two strategies, the value associated with a change in the violent crime rate is calculated as the area of the trapezoid under the MWTP function over the width of the experienced change in violent crime.
We report results separately for the sixty percent of buyers who experienced a reduction in their violent crime rate and for the remaining forty percent of buyers who experienced an increase in Table (9) .
25 Note that the large standard deviations of WTP illustrate skewness of the distributions, versus individuals experiencing counterintuitive (positive) signs on their WTP. The bias from improperly accounting for the effect of a non-marginal change in violent crime on MWTP is evident. Consider first the case of crime reductions. The Rosen model and horizontal MWTP yield estimates of the average WTP for observed reductions that are 1.49
times greater than our model, implying an almost fifty-percent upward bias. The direction of the bias is reversed when we consider increases in the rates of violent crime. Here, the alternative models yield estimates of average WTP for observed crime reductions that are only 0.59 of our estimate. These differences are far from trivial and would have an important impacts on any cost-benefit analysis.
Conclusion
Researchers regularly ascribe downward sloping demand curves to households for goods ranging from breakfast cereals to BMWs. In fact, recovering the price elasticity of demand for such goods constitutes one of the main activities undertaken by applied microeconomists. However, because of the difficult endogeneity problems associated with the recovery of the MWTP function using the hedonic technique, the same flexibility has generally not been applied to household demand for local public goods and amenities. Instead, applications of the hedonic method have tended to focus only on the first-stage hedonic price regression; recovering parameters that only yield valid welfare estimates for marginal policies. In order to properly evaluate the welfare effects associated with larger policies, the researcher must recover the structural parameters of the MWTP function. In this paper, we propose an estimation approach for the recovery of these parameters, while avoiding the endogeneity problems so commonly associated with the hedonic model.
We show that there is no fundamental endogeneity problem in the hedonic model; the endogeneity problems are largely manufactured and are a result of framing Rosen's second stage regression in terms of marginal cost (implicit attribute price) equaling marginal benefit (marginal utility from consuming the amenity in question). We instead rearrange the information provided by the hedonic equilibrium and arrive at a simple modeling environment with a single endogenous outcome variable, a vector of exogenous variables, and an econometric error.
Estimation of the model is straightforward and consists of a standard Maximum Likelihood procedure which employs a textbook change-of-variables technique. In a restricted version of the model, a closed-form solution for the amenity of interest may be found analytically and the change of variables is not required. Estimation in the simplest version of the model may even be reduced to an indirect least squares procedure, exploiting the one-to-one mapping between the structural and reduced-form parameters. Like the Rosen model, our approach is (i) quite intuitive, as it is derived from the first-order condition for utility maximization, (ii) able to incorporate rich individual-and market-level heterogeneity, and (iii) computationally light and easy to implement. Additionally, our model requires no more in terms of data than the standard hedonic model.
Using a series of Monte
Carlo experiments, we demonstrate that our proposed estimator presents very little bias in finite samples. Applying our model to data on violent crime rates in California's Bay Area, we find that properly accounting for the shape of the MWTP function has important implications for measuring the welfare effects of non-marginal changes in violent crime. Considering the welfare effects associated with the observed one-year change in crime for those households that purchased a house in 1999, we find that alternative modeling procedures overstate benefits (for those households which experienced a decrease in violent crime) by fifty percent relative to our approach and understate costs (for those households which experienced an increase in violent crime) by forty percent relative to our approach.
These differences are both statistically and economically significant and consequential for cost-benefit analyses of policies that may have large impacts on future crime rates.
